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Abstract: 28 We investigated the variation in the sea level anomaly(SLA) and mixed layer depth 29 (MLD) during the weakening of SST front in the north western Pacific Ocean, based 30 on weekly satellite-derived products and in situ observations. We separated the study 31 area into cold, front, and warm zones, according to the frontal position. We examined 32 the steric height component of SLA, using air-sea heat flux and in situ observations. 33 Seasonal variation in SLA, and steric height displayed a similar pattern: a peak value 
Introduction

43
The subtropical front is a major oceanic feature of the North Pacific, separating 44 the warm saline North Pacific Central Waters in the south from the cool fresh waters 45 to the north. The sea surface temperature (SST) front modulates atmospheric 46 conditions, such as wind speed and direction (e.g., Xie, 2004; Small et al., 2008) , 47 temperature, turbulent fluxes (Friehe et al., 1991) , and deep atmospheric responses 48 (Kobashi et al., 2008) . All of these variables change significantly from one side of the 49 SST front to the other, with an increase (decrease) in wind speed as the wind blows 50 from cold (warm) to warm (cold) water across the front ( Friehe et al., 1991 September, and reported that the air-sea heat exchanges induced the disappearance of 57 the subtropical SST front. They also found that the geostrophic advection calculated 58 from the gradient of SSH, was quite small compared to the net heat flux. Although 59 the magnitude of SSH gradient was small, the SSH in the study area (130-160 E, 60 20-32 N) showed relatively large meso-scale variability (Kobashi and Kawamura, 61 2001), but the variation in SSH in the SST front zone is still not well understood.
62
There was a nonlinear relationship between net heat flux and MLD when the SST 63 front weakened . The oceanic MLD is primarily determined by the 64 action of turbulent mixing of the water mass due to wind stress and heat exchange at 65 the air-sea interface (Kara et al., 2003 are suitable for investigating seasonal variation in subtropicals (Hosoda, et al., 2010 ).
86
The AMSR-E data are also of sufficient resolution to detect variation in the SST front.
87
Merged sea level anomaly (SLA) data were used. The data came from two 88 satellite missions, TOPEX/Poseidon and ERS, followed by Jason-1 and Envisat. The variation in SLA, and steric height components calculated from the above were dominated by multi-eddies, which were possibly influenced by oceanic currents.
175
The EOF analysis for SSTs is shown in Figure 5 . AMSR-E SST, and in situ GTSPP data.
258
We separated the study area into cold, front, and warm zones. The strong seasonal 
